I. INTRODUCTION
The fundamental nature of the Mott insulator-metal transition remains subject of controversy and debate. Early theories 1-3 favored a robust first-order scenario but apart from hysteresis effects it has proven difficult to identify conclusive experimental evidence for the expected phase-coexistence region 4-9 . Alternative viewpoints envision a more continuous crossover at finite temperature featuring aspects of quantum criticality [10] [11] [12] [13] . Recently, quantum spin liquids were recognized as the materials best suited for studying the pristine Mott state in absence of magnetic order 14 , and its low-temperature transition to a Fermi liquid 13 .
Since most molecular solids are rather soft, their electronic properties can readily be tuned by relatively low hydrostatic pressure 15, 16 . Nevertheless, many experiments become cumbersome, inaccurate or even impossible when confined to pressure cells; hence alternative methods are desirable. In the case of charge-transfer salts, reducing the size of the anions acts like chemical pressure that brings the organic donor molecules closer together. This approach is frequently applied to quasi-one-dimensional TMTTF or quasi-two-dimensional BEDT-TTF salts 15, 17 . Already in the 1970s it was realized by Bechgaard and others that replacing sulfur by selenium in the fulvalene-type central unit TTF increases the orbital overlap of adjacent molecules and thus the bandwidth; eventually leading to superconductivity in (TMTSF) 2 PF 6 18 .
Here we apply this approach to quasi-two-dimensional BEDT-TTF salts, where we replace two out of the four inner sulfur atoms by selenium as depicted in Fig. 1(a) , resulting in BEDT-STF 19 . While κ-(BEDT-TTF) 2 -Cu 2 (CN) 3 is a Mott insulator, known as a quantum spin liquid, κ-(BEDT-STF) 2 Cu 2 (CN) 3 is a good conductor in the entire temperature regime. Performing the substitution on the donor molecules ensures that the polymeric anion network and the crystal symmetry remain unaffected, which is crucial for the highly frustrated compounds. This way we can cross the Mott transition from a paramagnetic insulator -that is a quantum spin liquid -to a paramagnetic metal, without any indications of magnetic order down to lowest temperatures.
In the present study we focus on the electronic properties and investigate the coexistence regime at the firstorder phase transition by transport, optical and dielectric methods. We observe a divergency in the permittivity as the hallmark of a percolative transition; in other words, we prove the insulator-metal phase coexistence below the critical endpoint T crit ≈ 15-20 K. In the latter case two sulfur atoms of the inner rings are replaced by selenium. (b) The crystal structure contains dimers of the donor molecules forming layers in the bc-plane which are separated by the Cu2(CN)3 anion sheets. (c) The dimers are arranged in a triangular pattern with transfer integrals t ′ /t = 0.83 close to complete frustration. The STFsubstitution leads to a spatially random extension of the transfer integrals due to the larger molecular orbitals.
II. EXPERIMENTAL DETAILS
Single crystals of κ-[(BEDT-TTF) 1−x (BEDT-STF) x ] 2 Cu 2 (CN) 3 with various stoichiometry (x = 0, 0.04, 0.1, 0.12, 0.16, 0.19, 0.21, 0.25, 0.28, 0.44, 0.78 and 1) were prepared by standard electrochemical oxidation 20 . Both BEDT-TTF and BEDT-STF were synthesized at Hokkaido University in Sapporo, where also the crystal growth is carried out. For the alloying series, the amount of donor molecules was preselected; for each batch the actual substitution value x was determined a posteriori by energy-dispersive x-ray spectroscopy: using κ-(BEDT-TTF) 2 Cu 2 (CN) 3 as a reference we compared the intensity of S atoms to that of Se atoms 21 .
The structure consists of bc layers of strongly dimerized BEDT-TTF or BEDT-STF molecules, with each dimer oriented approximately perpendicular to its nearest neighbors ( Fig. 1 ). Overall it is assumed that the compounds crystallize in monoclinic and centrosymmetric P2 1 /c space group. Based on an x-ray study of the parent compound Foury-Leylekian et al. recently suggested a triclinic symmetry P1 with two non-equivalent dimers in the unit cell 23 , however, the charge imbalance among the sites is extremely weak. Upon sulfur substitution the unit cell volume slightly increases (less than 2 %) in a linear fashion without any change in symmetry. In Tab. I we list the unit cell parameters for the limiting cases, assuming both, P2 1 /c and P1 space group symmetry.
Electrical transport was measured parallel to the c-axis from room temperature down to T = 1.8 K by standard four-probe technique. For this, thin gold wires were attached by carbon paste. Furthermore, we measured the complex electrical impedance as a function of temperature and frequency in order to obtain the dielectric permittivityε = ε 1 + iε 2 . Here, gold wires were attached TABLE I. Room-temperature values of the unit cell parameters of κ-(BEDT-TTF)2Cu2(CN)3 and κ-(BEDT-STF)2-Cu2(CN)3 assuming space groups P21/c and P1 for the analysis of the x-ray scattering results. Data for the former compound are taken from Refs. 22 and 23. to opposite crystal surfaces and the data recorded by an impedance analyzer in the frequency range from 40 Hz to 10 MHz covering temperatures down to T = 5 K. The applied ac voltage was set to 0.5 V, making sure that we operate in the Ohmic regime. The optical properties of several single crystals have been studied by reflectivity measurements using standard Fourier-transform spectroscopy from the far-infrared up to the near-infrared range 24 . The light was polarized along the two principal optical axes, i.e. E b and E c, on as-grown surfaces. Besides regular in-plane experiments, we also probed the polarization perpendicular to the conducting planes, a direction which couples to the most charge-sensitive infrared-active intramolecular vibrational mode ν 27 (b 1u ). The sample was cooled down to T = 10 K by a helium-cooled optical cryostat. In addition, the high-frequency properties (up to 35 000 cm −1 ) were determined by spectroscopic ellipsometry at ambient condition. The optical conductivity was calculated via Kramer-Kronig analysis using a constant reflectivity extrapolation at low frequencies and temperatures for the Mott insulators, while a Hagen-Rubens behavior was assumed for elevated temperatures and substitions x > 0.12 where metallic properties prevail 25, 26 . Fig. 2 displays the c-axis dc resistivity ρ(T ) as a function of temperature for all samples in our substitution series from x = 0 to 1. The room-temperature values increase from approximately 0.03 Ωcm for x = 1 to around 0.5 Ωcm for x = 0. For x = 0.12 and higher the systems turns metallic at low temperatures; the temperature range of metallic conductivity increases for larger substitution and exceeds T = 300 K for x ≥ 0.44. The maximum in ρ(T ) defines the Brinkman-Rice temperature T BR that increases upon alloying. For very low temperatures, the metallic properties are clearly characterized by a ρ(T ) ∝ T 2 behavior that is the hallmark of electron-electron interaction. A detailed analysis of the Fermi-liquid properties will be provided elsewhere 27 .
III. DC TRANSPORT
For x = 0.1 and 0.12 we identify traces of superconductivity in ρ(T ) that is suppressed by a strong magnetic field (B = 5 T). Measurements of the magnetic susceptibility χ(T ) confirm a superconducting transition temperature T c ≈ 2.8 K. A more detailed characterization of the superconducting state will be subject of a separate publication.
IV. OPTICAL PROPERTIES
The in-plane optical conductivity erties are rather similar for both polarizations indicating electronically isotropic behavior within the bc-plane.
For BEDT-STF substitutions x < 0.1, the compounds remain insulating at all temperatures; but no Mott gap develops upon cooling. On the contrary, similar to the pristine crystals 14, 25, 28 , a pronounced in-gap absorption is present that becomes enhanced as or T is reduced or x increases. In these cases we enter the coexistence regime of metallic and insulating regions expected for first-order phase transitions: the rising metallic fraction increasingly contributes to the optical properties. Eventually the alloys exhibit a Drude-like contribution to the optical conductivity, indicating the metallic properties in accord with the dc results presented in Fig. 2 . An extended Drude analysis of the optical conductivity be presented elsewhere 27 , where the frequency dependence of the scattering rate 1/τ and effective mass is extracted and the dependence on the substitutional value x is discussed. According to the ρ(T ) ∝ T 2 behavior in the resistivity, we can identify a 1/τ (ω) ∝ ω 2 dependence at the lowest temperatures.
In Fig. 3 we also see that the mid-infrared peak consists of two contributions: inter-dimer excitations and transitions between the lower and the upper Hubbard bands, which almost coincide when probed along the c-axis. This has been observed in most κ-phase BEDT-TTF compounds and confirmed by ab-initio calculations 25, 29, 30 . Following the approach taken in Ref. 14, we focus on the low-temperature spectra (T = 5 K, E c) where we assign the maximum of the midinfrared peak to the transitions between the lower and the upper Hubbard band separated by U . The width of the conductivity band in σ 1 (ω) corresponds to twice the electronic bandwidth W , as illustrated in the inset of The extracted absolute values of U and W are plotted in the main frame as a function of STF-substitution x. We observe an increase of the electronic repulsion U corresponding to the larger intra-dimer overlap t d as orbitals extend; even more pronounced is the rise of the bandwidth W , resulting from the increase of the transfer integrals t and t ′ between adjacent dimers. The effect of correlations is measured by the ratio U/W , which is also plotted in Fig. 4 , corresponding to the right scale. Obviously, the metallic compound κ-(BEDT-STF) 2 Cu 2 (CN) 3 is much less correlated compared to the Mott insulator κ-(BEDT-TTF) 2 Cu 2 (CN) 3 . The variation, however, is far from linear: a dramatic drop of U/W is found for x < 0.2, while for larger x the ratio saturates around U/W ≈ 1.02 32 . Overall, from these optical experiments the Mott insulator-to-metal transition can be located around x ≈ 0.1 in agreement with the dc resistivity. 
V. VIBRATIONAL SPECTROSCOPY
By now, it is well established that most of the dimerized BEDT-TTF salts, such as κ-(BEDT-TTF) 2 Cu[N(CN) 2 ]Cl, κ-(BEDT-TTF) 2 Cu 2 (CN) 3 , or κ-(BEDT-TTF) 2 Ag 2 (CN) 3 do not possess sizeable charge disproportionation within the dimers 26, 33, 34 , with a few exceptions, like κ-(BEDT-TTF) 2 Hg(SCN) 2 Cl 35 . Raman and infrared spectroscopies are the best suited tools to locally probe the charge per molecule by inspecting the intramolecular vibrations that are known to be extremely sensitive to the amount of charge residing on the molecule 24, 36, 37 . Here we addressed the question whether charge imbalance occurs when sulfur is replaced by selenium in the alloys κ-[(BEDT-TTF) 1−x (BEDT-STF) x ] 2 -Cu 2 (CN) 3 .
To that end we recorded the optical properties perpendicular to the planes. In Fig. 5 the out-of-plane conductivity of κ-(BEDT-TTF) 2 Cu 2 (CN) 3 is compared to κ-(BEDT-STF) 2 Cu 2 (CN) 3 in the finger-print spectral region where the most charge-sensitive molecular vibrations of the central C=C occur. The dominant mode ν 27 (B 1u ) alters only slightly upon STF-substitution. If we focus on the limiting cases x = 0 and x = 1, we see that both compounds exhibit basically the same temperature dependence: a typical sharpening and slight hardening upon cooling. This behavior is explained by the fact that the sufur/selenium atoms in the pentagonal inner ring are basically not involved in these modes. It can best be seen from the vibrational analysis and animations of Ref. 38 that these vibrations are well confined to the C=C bonds. Most important, since we do not observe any pronounced mode splitting in the κ-[(BEDT--TTF) 1−x (BEDT-STF) x ] 2 Cu 2 (CN) 3 series, we conclude the absence of any significant charge imbalance among the donor molecules.
VI. DIELECTRIC PROPERTIES
From the Kramers-Kronig analysis of the measured reflectivity spectra we obtain the complex dielectric constantε(ω, T, x) as a function of frequency, temperature and substitution. Fig. 6 shows the real part ε 1 (ω) for the different κ-[(BEDT-TTF) 1−x (BEDT-STF) x ] 2 Cu 2 (CN) 3 crystals recorded at T = 5 K. In the Mott insulating state (x ≤ 0.1), the permittivity is basically frequencyindependent and acquires a small, positive value. As x increases, the quasi-static ε 1 (ω → 0) first increases before it rapidly drops to large negative values. After crossing the Mott insulator-to-metal transition the system be- comes conductive: the strong screening of the coherent quasiparticle drives ε 1 negative. A similar observation was reported for the Mott transition of VO 2 , where the low-frequency permittivity diverges as a function of temperature. Near-field optical microscopy revealed that this behavior stems from the phase coexistence of metallic puddles in an insulating matrix 39 . In general, the divergency of the dielectric permittivity ε 1 (x) is a hallmark of percolative phase transitions in microemulsions [40] [41] [42] [43] , composites 44, 45 or percolating metal films [46] [47] [48] .
Since audio-and radio-frequency experiments are more suitable for exploring the dielectric behavior at the insulator-metal transition, we have conducted dielectric experiments down to 40 Hz. Fig. 7 summarizes the dielectric response of κ-(BEDT-TTF) 2 Cu 2 (CN) 3 and how it is affected by moving across the Mott insulator-to-metal transition via STF-substitution. We plot the real part of the permittivity ε 1 as a function of temperature T for selected frequencies f and substitutions x, as indicated. The pronounced peak dominating the temperature dependence of ε 1 (T ) was discovered by Abdel-Jawad et al. 49 and subsequently confirmed by other groups 22, 34, [50] [51] [52] .
When probed at f = 7.5 kHz, the maximum is observed around T = 30 K in the case of κ-(BEDT-TTF) 2 -Cu 2 (CN) 3 [ Fig. 7(a) ]; with a slight sample-to-sample dependence, in agreement with previous reports. The peak shifts to higher temperatures as the frequency increases; at the same time, however, it gets less pronounced. This behavior resembles the well-known phenomenology of relaxor ferroelectrics 53 .
Already the minimal substitution of x = 0.04 and 0.1 enhances the dielectric permittivity significantly with the maximum ε 1 (f = 7.5 kHz) ≈ 50 and 80. This strong increase of ε 1 (T ) and concomitant shift of the peak to lower temperatures when we approach the insulatormetal transition is in full accord with our pressuredependent dielectric studies 52 where an extensive and detailed analysis is given. As we approach the phase transition further (x = 0.12 and 0.16), the dielectric constant drastically diverges, reaching values up to 10 5 in the static low-temperature limit. A divergency in ε 1 (x) is the fingerprint of a percolative phase transition where metallic regions form in an insulating matrix 1, 54, 55 . When crossing the percolation threshold, the system acts like a metal, characterized by a negative dielectric permittivity, ε 1 < 0. With rising x the sign change of the dielectric constant traces the Brinckman-Rice temperature, as it was identified by the maximum in ρ(T ) (Fig. 2) 27 . These results confirm the observations we extracted from the optical response in Fig. 6 . For better comparison, we plot ε 1 (x) and σ 1 (x) for the complete series κ-[(BEDT-TTF) 1−x (BEDT-STF) x ] 2 -Cu 2 (CN) 3 in Fig. 8 measured at of ε 1 (x) ≈ −10 3 is observed. Concurrently, σ 1 (x) increases by several orders of magnitude: the rapid rise at x ≈ 0.12 indicates the crossing of the phase boundary into the metallic regime.
VII. DISCUSSION AND SUMMARY
In a complementary study 52 the dielectric properties of κ-(BEDT-TTF) 2 Cu 2 (CN) 3 have been measured as a function of hydrostatic pressure. This is an alternative way to shift the Mott insulator through the firstorder phase transition until the Fermi-liquid state is reached above p ≈ 1 kbar. The behavior obtained by the pressure-dependent investigations is in full accord with the dielectric response observed here in the substitutional series; both can be well described by dynamical mean-field theory on the single-band Hubbard model when combined with percolation theory 56 .
The fact that both approaches reach very much the same results provides firm evidence for a percolative Mott transition. Substituting BEDT-STF molecules increases the intra-and interdimer transfer integrals on a local scale, but this effect is smeared out. Local strain does not alter the crystal symmetry; the substitution results We observe a strong increase of ε1 up to 2500, centered around x = 0.15-0.2 and below T ≈ 15-20 K, close to the first-order Mott transition. We ascribe this to phase coexistence around the first-order Mott transition hosting spatially separated metallic and insulating regions, in agreement with state-of-the-art dynamical-mean-field-theory 11, 56 . See text for more details.
in a slightly larger unit cell as seen from Tab. I. Since the organic molecules are rather large, diffusion within the crystal is prohibited, ruling out the formation of BEDT-STF clusters or domains of extended size beyond the stochastic occurrence. As depicted in Fig. 4 , STFsubstitution only results in a gradual decrease of effective correlation strength U/W . Our findings are summarized in Fig. 9 where the dielectric permittivity ε 1 is plotted as a function of temperature and STF-substitution x producing a contour plot that constitutes the corresponding phase diagram. We conclude that the discovery of the enormous divergency in the low-temperature quasi-static dielectric permittivity ε 1 (x) proves metallic regions coexisting with the insulating matrix. The reduction of electronic interactions U/W due to increasing x leads to a spatial phase separation that is confined to temperatures below the critical endpoint T crit ≈ 15-20 K. With rising metallic fraction, the resistivity decreases, as can be well understood by effective medium models 57 . At large substitutions, metallic fluctuations dominate the electronic response. This range is well distinct by the negative and very large permittivity; its boundary trails the Brinkman-Rice temperature for the onset of metallic conductivity. The complete electrodynamical properties of this correlated electron system including the percolative aspect of the firstorder Mott transition can be reproduced by the hybrid approach of dynamical mean-field theory amended with percolation theory 56 . Finally we would like to point out that the novel path of tuning the effective correlations by increasing the molecular orbitals when partially replacing BEDT-TTF by the selenium-containing BEDT-STF molecules can be applied to other charge-transfer salts as well, providing an interesting alternative to chemical and physical pressure.
